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ADDITIONAL FATIGUE TESTS ON EFFECTS OF DESIGN DETATIS
IN 355-T6 SAND-CAST ATLUMINUM ALIOY

By I. D. Egton and John A. Youra
SUMMARY

Additional static and fatigue tests were made on aluminum-alloy 355-T6
sand-cast speclmens. Direct-stress fatigue tests were made on plate-type
specimens with a single l-inch-dismeter as-cast cored hole and on specimens

in which the cored hole was reamed to 1i%--inch diameter. In addition,

direct-stress fatigue tests were made orn 0.300-Inch-diameter specimens,
with various degrees of porosity, machined from the butt ends of plate-
type specimens. Comparisons are made with the results of earlier tests,
on plate-~type speclmens with variations in design details such as bosses
and ribs, given in NACA Technical Note 239L.

Within the range of stresses used, there were no significant differ-
ences in the fatigue strengths of sand-cast specimens with a l1-inch-
dismeter cored hole when tested with the hole 1n the as-cast condition or
with the hole entarged 1/16 of an inch in diameter by reaming. When the
results of tests on the specimens with a l-inch-diameter cored hole are
compared wilth results, from the previous investigation, for specimens in
which a smell cast boss was removed and a l-inch-dlameter hole drilled and
reamed in the center of the plate-type specimen there 1s found to be no
significant difference in the results except for a slight difference in
the static strengths.

The direct-stress fatigue test results on 0.300-inch-diameter round
polished specimens indicate no correlation between the fatigue strengths
developed and visusl porosity ratings.

INTRODUCTION

In July of 1951 the Aluminum Research Iaborstories of the ATuminum
Company of America reported in reference 1 direct-stress fatigue test
results for plate-type specimens in 355-T6 sand-cast aluminum alloy with
variations 1n design details including bosses, with and without centrally
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located holes, and longitudinal and transverse ribs. Following the pres-
entation of the results from this early investigation, some interest was
shown in a comparison of the fatlgue strengths of the plate-~type specimen
with a reamed open hole, as used in the initial investligatlion, with a new
specimen In which the open hole was cored and thus had entirely as-cast
surfaces. In addition, the question arose as to the effects of varlous
degrees of porosity on the fatigue strength of the plate-type specimens
of the initial investigation. Reported herein are results of the addi-
tional direct-stress fatlgue tests on: (1) = plate-type specimen with
cored centrally located hole end (2) 0.300-inch-diameter round polished
specimens with various degrees of porosity.

The objects of this investigation were: (1) to compare the static and
direct-stress fatigue strengths of plate-type specimens, of 355-T6 aluminum
sand-cast alloy, having a ¢entrally located cored hole with the corre-
sponding data from reference 1 for similar speclmens with other types of
design details such as bosses and ribs; (2) to study the effects of the
conditions at the rim of an open hole by comparing the strengths of speci-
mens with: (a) a cored hole (type 1B), (b) a hole in which the cylindrical
surface was machined by reaming (type 1B-1) and, (c) 2 hole in which both
the cylindrical surface and a narrow rim on both faces of the specimen
were machined (type 1); and (3) to study the effects of porosity on the
fetigue strengths of 0.300-linch-diameter speclmens taken from the grip
ends of the plate-type specimens tested.

This work was done by the Aluminum Company of America and has been
mede available to the National Advisory Committee for Aeromeutics for
publication hecause of its general interest,

MATERTAL AND SPECIMENS

The plate-type fatligue specimen with the l-inch-diameter cored hole,
one of the new specimen types used in thils investigastion, is shown in
figure 1. The second new type was obtalned by reaming the cored hole to
a diameter of Lig inches. These specimens were cast at Alcoa's Cleveland

Works using the basic pattern previously described in reference 1. The
mechanical properties of the 355-T6 aluminum-alloy send-cast material as
determined at Cleveland on separately cast test bars are shown in table I
along with the mechanical properties of the material used in preparing the
specimens for the earlier tests. The mechanical properties are found to
be in good agreement with the average properties for the several lots of
material used in the previous ilnvestigetlon. These properties are found
to exceed the specified values and are in good agreement with typical
values given in reference 2 and are in general agreement with Federal
Specifications QQ-A-60la.
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As was the case for the speclmens In the previous investigation,
these specimens were radiographed at the Cleveland Works and only those
found to be generally sound were submitted for test. Figure 2 shows
the three condltions at the edge of an open hole studied, namely,

(1) plain cored hole (type 1B), (2) reamed hole in plate with as-cast
surfaces (type 1B-1), and (3) reamed hole, machined surfaces (type 1,
boss machined flush with plate previous to reaming hole).

The 0.300-inch~dismeter round polished direct-stress fatigue specl-
mens 1llustrated 1n figure 3 were machined from the butt ends of the
plate-type specimens. Twenty-four specimens were obtained from the butt
ends of a specimen which had not been previocusly tested because of mis-
registry of the design detail. The location of these specimens is shown
in figure 4. Four additional specimens were cbtained from each end of
several plate~type speclimens which had some fatlgue test history. In
each case, the plate-type specimen had wilthstood a considersble mumber
of cycles at a low stress (based on the minimm area of the test section)
without failure. As can be seen in figure 5, whileh illustrates the loca-
tion of the small specimens within the butt ends, specimens A and B were
taken from a section of the butt end beyond the keyway through which the
load was transferred and thus should not have been subjected to any
significant stress cycles during the fatigue testing of the plate-type
specimen. Fven though the small specimens C end D were taken from por-
tions of the butt end which had been subjected to & cyelic stress, it is
believed that the stresses were so small that the behavior of these speci-
mens would show no effect of the previous stress history. As will be seen
later, the results for specimens taken from these two locations (speci-
mens C and D) gave fatigue test results which were comnsistent with the
results of specimens taken from nonstressed materisl (specimens A and B).

PROCEDURE

One static and five fabtigue tests were made on specimens of the type
shown in figure 1 with a l-inch-~diameter cored hole (type iB}). In addi-
tion, three fatigue tests were made on speclmens in which the cored hole

had been reamed to l;%u-inch diameter (type 1B-1l). The procedure for the

1
static and fatigue tests on these plate~type specimens has been previously
described in reference 1.

Previous to testing, the 0.300-inch-dismeter direct-stress Ffatigue
specimens were arranged in order of incereasing porosity as evaluated by
visual inspection of the machined surfaces. The specimens were divided
into five groups in the order of increasing porosity: 1little, slight,
medium, apprecisble, and heavy. The degree of porosity for the five clas-
sifications 1s illustrated in figure 6 which shows machined flat coupons
also taken from butt ends of the plete-type specimens.
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Static testing of the round polished specimens was done in an
Amsler Unlversal Testing machinel of the hydraulic type having muttiple
load renges from & minimm of 200 pounds to a maximum cepacity of
20,000 pounds. The fatigue tests of round polished direct-stress fatlgue
specimens were made 1ln a Krouse direct tension-compression fatigue
testing machine heving a meximum capacity of 5,000 pounds. Adaptation
of these specimens to the fatigue testing machine was made with the use
of fixtures, designed under the direction of Mr. R. L. Templin, which
Incorporate split rings.

RESULTS

The result of the static test on the cast plate-type specimen with
the as-cast cored l-inch-diameter hole (type 1B) is given in table II.
Included in the table for comparisons are the results, taken from refer-
ence 1, for the cther plete-type specimens. It can be seen that the
strength of the specimen with the cored hole is grester than that of the
specimen having a reamed hole with machined rims (type 1) but less than
that of the plain-plate specimen (type P). The ultimste strength devel-
oped by the specimen with a l-inch cored hole is sbout 10 percent lower
than the tensile strength of the material as determined by tests of
separately cast test bars, whereas the strength of the specimen having
&8 reamed hole with machined rims is about 20 percent less than that of
the separately cast test bars. The strength of the specimen with the
cored hole is greater than the strength of speclmens with any of the
other design detaills studiled in reference 1.

The results of the fatigue tests on the specimens with the l-inch-
diameter cored hole (type 1B) and the specimens in which the hole was

reamed to 1%3-—inch diameter (type 1B-1) are given in table ITI. The

results have been plotted in figure T 1n which the data are compared with
the band of results obtained for the several speclmen types reported in
reference 1. It can be seen that, except for the difference in the statlec
strengths, there is no significant difference in results obtained for the
three speclimen types wilth unreinforced holes. A slngle curve has been
plotted in figure T to represent the fatigue test results for the two new
specimen types. Included in figure T is an average curve, from figure 5(a)
of reference 3, for test results on polished round specimens machined from
separately cast test bars.

In table IV, the results of tests on sand-cast and wrought aluminum-
alloy speclmens with unreinforced holes are compared and fatigue strength

1Type 10SZDA, serial number 5068. Periodic calibration of this
mechine indicates that the error in load reading ls less than 1 percent
throughout the load range used.
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reduction facktors, based on round polished specimens, are listed.
Included in the table are celculated stress concentration factors, from
table XVII of reference %, for the specimens with holes. It can be seen
that for calculsbed stress concentration factors of 2.5 and 2.7 the range
of fatigue strength reduction factors for the castings was only 1.6

to 1.9. Further, for stress concentrations of about the same magnitude
in the wrought and sand-cast specimens the sand-cast specimens are con-
sideraebly less affected by the unreinforced hole than wrought 14S-T6

or 61S-T6 specimens; that is, the fatigue strength reduction factors are
lower for the 355-T6 sand castings than for the rolled bar.

PThe resulkse of stabic and fa -i'crne tesgts on mﬂ_ﬁnnh_ﬂﬁnmP‘I‘PT‘

round polishe& specimens machined from bubtt ends of plate-type specimens
are given in table V. Included in the table are the porosity ratings
based on wisual observatlon of the machined surfaces of the specimens.
The results of fatigue tests at zero stress ratio asre plotted in filg-
ure 8. In this figure, the results have been separsted according to the
porosity rating of the individual specimens and & band of results is
shown which encloses 811 the test results. Study of these test resulis
shows that no one of the following crilteria gives consistently high or
low results in the band of results shown: (1) porosity rating, (2) indi-
vidual plate-type specimens from which the round specimens were obtained,
(3) location of specimen within the butt end, or (4) direction of the
axis of the round specimen with respect to the longitudinal axis of the
plate-~type specimen.

It can be seen in figure 8 that there is no correlatlion between the
porosity ratings and fatigue strengths of the specimens. For any of the
porosilty retings Tfor which a reasonable number of specimens were tested
it-can be seen that the results cover the msjor portion, if not =11, of
the band of results shown. Further, specimens having the greatest degree
of porosity helped to deflne the upper 1limit of the band of results and
other specimens having a slight porosity rating, which 1s classed &s
next to the least porosity, helped to define both the lower and upper
limits of the band.

In figure 8, the specimens obtalned from the butt ends of the plate-
type specimen which had no previous stress history are indicated by solid
symbols. Tt can be seen thet the results of these specimens extend from
the lower 1limit of the band of results at low numbers of cycles to fail-
ure to the high 1imit of the band of results at the large number of cycles
to failure. A band of resulte for this series of specimens alone would
cover about 5 percent of the band of results for the entlre series of
specimens tested. Therefore, 1t would appear that the previous stress
history had no significent, 1f any, effect on the fatigue test resulis
obtained. Included in figure 8 is a replot of the curve for round speci-
mens machined from separately cast test bars. For the range of cycles
for which the curve is defined by data, the solid-line portion of the



6 NACA RM 53L22

curve, the results compare favorably with the results for specimens taken
from the butt ends of the plate-type specimens.

The results of a few tests on round pollshed specimens made at stress
ratios of -0.5 and -1.0 are included in table V.2 These results are
plotted 1n figure 9 in which the data points are superimposed on the band
of results from figure 8 for tests made at a stress ratio equal to zero.

It can be seen that the results for the -0.5 and -1.0 stress ratios with
but two exceptions fall within the band of results obtained for the entilre
group of specimens tested. Insufficient specimens have been tested at the
negative stress ratios to define the relations between the fatigue strengths
at 0, -0.5, and -1.0 stress ratlos.

The band of resulbts for the 0.300-inch-dismeter round polished fatigue
specimens 1s compared with the band of results for the l/h-inch plate-type
specimens with varlous design detalls and with the average curve for the
plain plate-type specimen in figure 10. It 1s seen that the band of
results for the plate-type specimens 1s lower than that for the round
speclmens for large numbers of cyecles to failure, while for fatigue lives
less than sbout 10,000 cycles cne band covers the other. Further, it can
be seen that the average curve for the plaln plate-type specimen falls
within the band.of resulits obtained for the round specimens 1n the range
from sbout 4,000 to 400,000 cycles. It is slightly below the band at the
high number of cycles to failure and above the band for the low number of
cycles to fallure.

It can be seen in table IITI that all the fractures in the plate-type
specimens went through the centrally located holes. This was also the
case for the speclmens of type 1 which had a l-inch-~dliemeter drilled and
resmed hole as reported 1in reference l. A typical fatlgue fracture is

shown in figure 11.

It was originally planned to correlate the fatigue test results of
the plate-type specimens reported In reference 1 with respect to the
degree of porosity in order to expleln some of the scatter in the results.
In view of the lack of correlation between fatigue strength and degree of
porosity found in the tests reported herein on 0.300-Inch-dlameter speci-
mens, it 1s to be expected that the scatter in results of the earlier tests
camnot be expleined on the basis of porosity but 1s more likely typical
scatter of results to be expected in cast materials.

CONCLUSIONS

From the foregolng date and discussion of the static and direct-
stress fatigue tests on alumimm-alloy 355-T6 sapd-cast plate-type

2Stress ratio is defined as the ratioc of the minimum stress to the
maximum stress. o '
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specimens with a single centrslly located hole and 0.300-inch-dimmeter
round polished specimens, the following conclusions eppear to be
warranted:

1. The mechanical properties of the separately cast test bars,
representing the new plste-type specimens used in these additional tests,
campared favorably with the properties of the materilal used in the
initial phases of this investigation.

2. The ultimste strength of the plate-type specimen with & l-inch-
diameter cored hole (32,460 psi) was sbout 10 percent higher than that
of the plate-type specimen having & hole in which both the cylindrical
surface and & parrow rim on both faces of the specimen were machined
(29,100 psi).

5. There 1s little, if any, significant dlfference in the Ffatigue
strength of plate-type specimens with centrally located holes whether or
not the hole 1s produced by the use of a core during casting, the hole
is cored then reamed, or the hole is drilled and reamed into a spot
machined by removing a boss.

L4, For calculsted stress concentration factors of 2.5 and 2.7 the
range of fatlgue strength reduction factors, for castings with an open
hole, was from 1.6 to 1.9.

5. For calculated stress concentrations factors of about the same
magnitude, the fatigue strength reductlon factors were found to average
about one-third lower for cast materlial than for wrought material.

6. There appears to be no correlation between relstively large dif-
ferences in surface porosity and the fatigue strengths of 0.300-inch-
diasmeter round polished specimens.

T. The fatligue strengths of plain plate-type specimens with as-cast
surfaces fall within the band of results for the 0.3500-inch-diameter
round polished speclmen for numbers of cycles to fallure hetween sbout
4,000 and 400,000. They are slightly below the band of results for
higher nmumbers of cycles to fallure and slightly above the band of
results for lower numbers of cycles to fallure.

Aluyminum Research Iaborstories,
Aluminum Company of America,
New Kensington, Pa., May 1k, 1953.
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TABLE T

WECEARIOAL PROPERTIEA OF 30-16 BAND-CASP MATERTAL

[Etu.nd.n.rd pepaTebely cest test hars poured wlth the fatigue apuci.enu‘:l

ot Tieat; Yanails Tield purength Elongation Bripall, Results from
fatigue ar strength, (0.2-parasnt offact), in 2 in,, hardnazs madd
spaciman 1ot pal ped perosnt maebar ecaminntion
1B ed 1B-1 0809 34,100 26,600 3.0 8o Batisfastory quelity
cBoghab 34,900 7,100 2.3 80 Batiafactory quelity
€800k Db 1,800 27,500 3.0 [\ Sxtlsfastory quality
JUR 3,600 27,000 2.6 80
P L2073 36,800 29,300 3.0 o Buperior
1 01364 36,400 30,200 £.0 €0 Uniformly scund
2 wpd 2 CL70hA gg,mo 27,100 3.0 i Ganarally sound
QLTORB 1500 27,800 3.0 x;.{ Ganeral)ly sound
Q100 56,800 27,200 5.0 Gensrally sommd
3 end 30 015628 36,500 koo 5.5 86 Gunarelly sound
015620 36,200 1500 3% 88 Generelly sound
faal 5 56,000 300 5.5 & Gaperwmlly sound
13828 36,600 55900 5,0 86 Gaperally sound
oséay 33,200 5,000 2.5 81 Glaarally eopmd
5 01968 ,E00 25,800 5.0 1 Ganarally sound
o233k ,800 25,300 2.5 B2 Gemarally scund
6 o2TTL 33,600 £5,100 Lk Ganarally sound
c2TTe 2_-:_{’20_ g::EDO L) Q_E_ Ganeraly scund
Av. 35,720 23,960 3.1 83
Pypioal values® v 35,000 R, 000 3.0 8a
Faderel spac,® R 52,000 20,000 2.0 80

“por astails of specimen meo peoticn 7 af A.8.0.M. spocification BE6-52P, Dok 2 of A.5.2.M, Btandards, 1g5a.
%s for lot of meterial uoed for additiomsl tost specimans, unlass athervise noted all obbers from tabla I, ref. 1.

aT!-J.ma from tabls £l of ref. 2.

alhnha.uim proparty requiremants given in table IT of Federal fpeaificsbion QR~A-~601a, U.B. Oovermeent Primbing Office,

Feb. 3, 19%0.
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TABIE IT

RESUETS OF BTATIC TEA'S ON SAND-CAST PIATE-TYPE SPECIMENS

OF 355-T6 ATIMINGM ALLOY

Plate type Beparately cast test bars
Bp:;!;zﬂn Description U:{:;m Tensile | Tensile YTield strength Elongation | Stress
s |strength,™ | strength, | (0.2-percent offset}, | in 2 in., | concentration
1n psl pai psi parcent faotord
186 Unreinforeed cored l-in.-dlem. hole 57,500 | 32,460 35,600 27,000 2.8 1.10
P Plain 62,000 | 35,200 36,200 29,300 3.0 1,03
i3 Unrainforced resmed l-in.- diam, hole | 45,300 | 25,100 36,400 30,200 2.0 1.25
2 Boss with large fillet 59,750 [ 29,000 | 36,900 27,200 3.0 1.27
24 Same as type 2 with hole in boss 59,500 | 28,700 36,900 £7,200 3.0 1.20
5 Bosa with smell fillet 59,200 | 30,000 36,300 25,000 3.4 1.21
3 Same as type 3 with hole in hoss 60,000 | 30,550 36,300 25,000 3.k 1.19
5 Transversa rib 60,700 | 27,600 35,000 25,500 2.8 1.27
6 Longltudinal rib 60,700 | 26,200 34,100 £3,200 4.0 .30

®Baged on net ares of rectangular cross section; far types 2 to 6 inclusive, sectlop taken at edge of boss or rib,

bB'bress concentration factor equals retio of tenalle strength of separstely cast test bars Lo that of plate-type

specimen.

®Add1tional specimer type; all others reported in ref. 1.
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TABLE IIT
STATIC AND FATIGUE TEST RESULLS OF 355-T6 ALUMINM-ALLOY SAND-CAST PIATE

BPECIMENS DAVING AN UNREINFORCED HOLE AT CENTER OF TEQT SECTION

Nominal
Actual load |Naminal| giregs b p/a,

Specimen condition, 1b w psi

Minimm |Maximm 1b Mindmum | Maximm

Cycles to

Pallure TLocation of fellure

Type 1B gpecimens having l-in.~dlsm. cored hole

D-3 o | 57,500| 57,500 © 32,460 Btatic
D-1 -5 | 35,313] 35,5301 O 28,920 L6k
A-1 -55 35,485| 36,540 0 19,580 14,400 | Through eentral hole
A-2 170 | 21,800] 21,650} O 11,950| 206,300 | [ no fallure; removed
A~3 120 | 12,580 12,460 O 6,900| 3,435,100
D-4 15 9,155 9,140 0O 5,160|26,182,900 | |

Type 1B-1 specimens having a cored hole reamed to lflg_ in. diam.
B-3 4o 5,TT¢| 35,730 0O 20,450 10,300
B-2 o | 27.800| 27.800] o | 1b.970] 65,700 | b Through central
D-2 30 | 13,910| 13,880 o0 7,910 2,229,000 hole

®Rased on mctual load range and zero minimm load.

bCalcula.ted gtress at minimm section based on lcad range end measured
dimenslons of individual specimena.

2eTes W VOVN




TABLE IV

Maximm stress
Flate [: AT T Yumber of cynlas
conoentration Haterial dasqeription

mterdal type® sacter 100 5 x 10 106 2x 1P 107

Tensilsa stress st failure, psi
1ha-mee Bound -— 47,500 2,200 10,00 8,900 35,900 Rolled rectangular bar,
148-76" ® — 18,700 14,600 13,700 12,500 11,800 1 by 7% in,
G18-m6° Bound — 56,000 31,700 50,200 , 26,000 Rolled rectangulsr bar,
615-16¢ ax — 17,600 13,600 19,400 11, 10,000 1ty '% in.
39526 Roumd - 45,000 16,500 14,500 13,000 10
o : - 31650 o0 | Tae | Bwo | 5 Saparacaly ot text bare
355-26 1B and 1B-1 1, 10,000 I 1,700 6,300

Fatigue strength reduction factcr®

14326 ax 2.8 2.5 2.9 2.9 3.0 3.0 Rolled rectuogular bar,
61316 & 2.8 2.0 2.3 2.k 2.5 2.6 1 by 7% in.
35526 1 2.7 1. 1.9 1.9 1.9 1.9
39526 1B 2.7 1, 1.7 1,7 1.7 L7 Cast plete
38526 1B-1 2.5 1.6 1.7 1.7 L7 1.7 '

Sgownd: round polished specimen

[1).4]
1

18:

JB-1;

test gectica 9 by 1% by 1/% in., single resmed centrally looated hals (1/6%-in. dtmm.)
tast seation &khy 8 by 1/k in., single Tesmsd cemtrally loosted open hols (1-in. diam.)

tost ucumaiabyabylﬂin., single cornd cantrally locsted open hale (1-in. dira.)
tmmtthi—"byﬂbylﬂlin., .mmmmmmm( -1n, a.-m)

bialsulsted stress concoutration factor frow table XIVIE of ref. 4.
SOrpublished results.
Ot rapolated value.

SPatigus strength reduction factor aguals ratio of fatigne strangth of round pollshed speclwen to
fatigne strangth of specimen with cpem hole.
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SEATTC AND FATIGUE TEST RESGIRS OF SMALL ROUND POLISHED SFECIMENS

MACHINED FROM BUIT ENDE OF FLATE-TYPE SPBCIMENS

EJ‘.T.:-. of test sectiom, 0.300 1.\:-]

Fominal stress
Classification N Actval 1;‘1 range, range, o
Direction
Specimen dit;r o | pal . Y
Minimm I Maxiwars Miniez Haximm
Bpecimens machined from bubt ends of typa 3 specimen C1582-DT; no previous stress history; stress ratic, O
C1582-D7-k Blight: Traps., ] 2,410 o 31,510 Static
-9 Blight Long. o] 1,950 [} 850 Static
~13 8light Trans. 4] 2,120 [} 30,200 Static
20 Blight. Long. [ 1,940 <] 27,620 Static
-1 Slight TFrans, 5 8ha =} 11,860 1,9%k,700
-3 Hlight Frans. 10 00 [5} 9,840 3,758,500
-5 Slight Prens. 0 1,185 Q 16,800 70,
-T Slight Trans. o 610 Qo 8,680 7,720,600
=13 S1ight Trans. o 1,65 o 23,820 T
-16 Stght Trans. -5 A0 o T,030 101,334,800
-8 Slight Frans., 5 80 o 830 502
-19 Slight Long. -5 820 a 11,700 2,%6k.,000
=11 Slight Long. 5 00 0 10,000 29,205,000
=17 8lignt Iog. 10 1,120 1] 15,780 hol,
=18 Sight Long. 5 1,355 [5} 950 67,100
-23 flight Loog. - 1,673 <] ,000 7,000
Specimens nechinad from.butt ends of type 3 speciman C1582-D7; no previous history; stress ratio, -0.%
€1582-D7-2 Blight Trans. =hag 80 ~5,560 11,560 543,000
-6 2 1ght Trans. -£25 1,250 2550 17,920 196,500
-1k Siight Trang. =835 1,610 29T 23,950 3,100
-18 Slight Long. -595 1,390 -9,910 19,820 102,600
-2 alight Long. 280 260 =3,999 T:990 8,420,500
Speainens machined from butt ends of type 5 specimen C1552-DT; no previous history; stress ratic, -L1.0
Cci582-DT-12 Slight Lang. -T10 106 -10,06G 10,060 1,599,600
Slight Long. -1, Tk0 1, =24 ,850 24,850 3,500
Specimens machined from butt end of type 5A specimen C1582-BT tasted for 134,627,600 cycles from
zero ta 6,050 psi in test section; stress rwtio, O
C1582-BT-A Madium Frans. o 1,935 0 22,000 35,500
-Al Hedive TFrans. [+] 1,15 o 15,550 862,500
-B Medium Trans. o 700 "] 10,000 62,331,900
-BL Little Trana. 10 1,160 ] 15,920 272,500
-c Eight Long. [ 1,550 a 22,000 107,500
-CL Little Lang. 5 1,13 0 16,040 hgh 500
-D Slight Long. Q 1,125 a 16,000 853,800
-DL Blight Long. - TS 4] 10,170 32,5k2,200
Specimens from tuit ends of type 5 speciman C233k-8 tested for $5,505,200 cyclas frox zero to
5,950 psl in test section; stresa ratio, O
C2534-8-A Apprecisble Trans. 0 1,120 [+] 15,830 EEE,W
-AL Bl1ght Frans. o 1,540 o 22,060 200
-B Apprecisble Trans. -5 1,510 0 21,60 18,500
-BL Apprecisbls Prans. o 840 4] 12,000 1,750,000
-c Henvy Loog. Q 1,540 o 21,850 192,700
~C1 Apprecisble Long. Q TS [¢] 10,060 3,337,000
-D Eeavy Long. Q 1,050 [} 15,000 8%5,
-DL Heavy Long. 0 0 o 10,000 10,328,300
Specimens from bubt ends af type & spacimen C27T1-T tested for 68,329,700 cyclas fram zero to
6,870 pai in test mection; stress ratic, O
C2TTL-T-A Apprecishle Prans. [ 1,125 o 16,000 532,500
-AL Hesvy Prans. -5 1,540 [+ 22,050 30,
-3 Eeavy Trans. o 1,115 0 15,940 2ith 700
-Bl Eeavy Prans. [ 00 o 9,960 8,139,500
-C Eeavy Iong. 5 1,545 Q 21,9%0 66,400
-C1. Heavy Long. 0 1,120 o 15,900 976,200
-b Heevy Loog. 0 0 [*] 10,000 6,T3% ,500
-DL Eeavy Long. 4] 1,33 [ 13,000 o5,
Specinens from butt ends of plain-type specimen C1205-F tested for 21,059,000 cycles from zero to
T30 psi in test section; stress ratio, O
CL205-F-A Blight Trans. [ 1,130 5} 15,950 381,
-AL Apgreciable Trana. 10 1,540 [+ 2,880 90,&
-B Slight Trans. 5 o o 10,000 11,050,A00
-m Hlight Trans. o 1,125 o 16,050 229,800
- Hlight Long. ) 1,540 a 21,9950 193,400
-CL Slight Locg. 1] 1,130 [} 16,000 62%,
-D Might Long. (1] T00 Q 10,00 11,126,000
-DL S1ight Locg. [+] 1,550 o 22,000 16k,

S4th referance to Iongitudipal center line of piste-type specimen.

bAll specimens failed.
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Figure 1.- Plate-type fatigue specimen with l-inch-diameter cored hole

(type 1B). Far specimen type 1B-1 hole wes reamed to L%-é-inch diameter.
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Filgure 2.- Conditlons of open hole in monobloc sand-cast specimen.
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Figure 1l1.- Typical fatligue fracture of sand-cast specimen with unreinforced
open hole. (As-cast hole shown.)
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